Two field studies in Kenya and an experimental challenge study in the USA were done to assess the accuracy of a dipstick antigen-capture assay based on qualitative detection of Plasmodium falciparum histidine-rich protein 2 (PfHRP-2) in peripheral blood for diagnosis of P falciparum infection.
and Plasmodium falciparum histidine-rich protein 2 (PfHRP-2), a water-soluble antigen released by blood stages of P falciparum from many geographical regions,6,7 is a target for an antigen-capture assay. We describe an experimental challenge and field evaluation of a dipstick PfHRP-2 capture assay (ParaSight F, Becton Dickinson Tropical Disease Diagnostics) for diagnosis of P falciparum.
Subjects and methods

Study sites and participants
The dipstick antigen-capture assay was evalulated in three groups of subjects. Study protocols received ethical committee approval. The first group (adult field study group) consisted of 40 males aged 15-35 years who had volunteered for a malaria immunology study in Saradidi, western Kenya, during the autumn rainy season in 1992, when malaria prevalence was expected to be greater than 70%.8,9 Blood was obtained by fingerprick for the dipstick antigen-capture assay and thick and thin films before subjects received treatment, and daily for the next 6 days. All subjects, regardless of their malaria status, received standard doses of quinine and doxycycline for radical cure.
The second study group (experimental challenge study group) consisted of 20 adult male and female volunteers who participated in a vaccine trial in Baltimore, Maryland, in spring 1993. These individuals were challenged by the bite of five Anopheles stephensi mosquitoes which had been infected by membrane feeding on cultured gametocytes of P falciparum (NF54 strain or the 3D7 clone of NF54). Blood was drawn by fingerprick from every subject before challenge, and then daily starting on day 6 postchallenge and continuing until day 21 postchallenge or until the individual was assessed positive by blood film. The third group (child field study group) were 173 girls and boys, aged 9-14 years, who were enrolled in a malaria prophylactic drug study. This study took place during the spring rainy season of 1993 in the same region of Kenya as the initial adult study and involved children from four primary schools.
After children had been screened and excluded from the prophylactic drug study for appropriate medical reasons, about 40 students remained at each of the four schools. Immediately before the start of a 7-day doxycycline and quinine radical cure for malaria, blood was drawn by fingerprick from every child for the dipstick antigen-capture assay and thick and thin blood films were prepared. The same procedures were repeated on day 6 at the conclusion of the radical cure.
Specimen collection and handling
In all three studies, laboratory staff were blinded to the origin of the specimens they tested. In the first two studies, most specimens were evaluated by the dipstick antigen-capture assay within an hour of sample collection, although testing was delayed by a few hours for some of the samples. In the third study, teams of fieldworkers collected the specimens from all students at a particular school within 1 h. Specimens were placed on ice and transported to the local health clinic where they were examined by the antigen-capture assay within 4 On day 0 of the child field study, many volunteers were expected to be infected with P falciparum. To provide negative control specimens for the slide readers and dipstick assay technicians to examine, 4 individuals known to be P falciparum negative each provided 10 specimens. 10 of these specimens were allocated to each of the four schools on day 0 and randomly combined with the study group specimens. These specimens were processed and labelled in a manner indistinguishable from specimens from study volunteers to ensure blinding of the dipstick assay technicians and blood-film readers.
On day 6 of the child study, most subjects were expected to be cured of their malaria infection and negative by blood film and the dipstick assay. To provide positive controls, 29 specimens were collected from volunteers of varying ages who visited the outpatient clinic of the Saradidi Rural Health Clinic 1 day before collection of the study group specimens. These control specimens were placed on ice immediately after collection and later stored in a refrigerator for the night. The next morning, identity numbers were generated randomly and assigned to the control specimens. The control specimens were then combined with the study group specimens and blindly evaluated with the dipstick procedure. The control blood slides were combined with the slides collected from the children and sent to the laboratory for examination.
To calculate sensitivity and specificity, the first dipstick reader's interpretation and the results of the two microscopists' 
Results
Adult field study 121 specimens were positive by blood film, of which 74 were also positive by dipstick. In addition, 2 specimens with positive blood films had indeterminant results by dipstick. Table 1 shows several strata of parasite densities, the number of specimens that were positive by dipstick and by blood film within each stratum, and the resulting sensitivity. Of 91 specimens negative by blood film, 82 were negative by dipstick, resulting in a specificity of 90% (95% CI 84-96%). In 8 of the 9 cases positive by dipstick, but negative by blood film, a positive blood film was reported at least once within the previous 3 days. In the ninth case, the individual had a positive blood film the day following the positive dipstick result. These data indicated that persistence of circulating antigen after treatment might have accounted for the discrepancies between dipstick and blood-slide results. We therefore assessed results in 11 individuals who were positive by both dipstick and blood film either on the day treatment was started or the day after and who were followed long enough to have negative blood films subseqently on 2 consecutive days. In 6 of these In the child field study, the prevalence of P falciparum infection among 9-14-year-olds was 86% (81-91 %; n = 164) when data from day 0 were considered. With this point prevalence, the dipstick assay had a positive predictive value of 96% (93-99%; n = 129) and a negative predictive value of 51% (35-68%; n=35). Among the controls on day 6, when prevalence was 64% (47-82%, n=28), the positive predictive value was 93% (80-106%; n=14) and the negative predictive value 64% (40-89%; n= 14). 
